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ABSTRACT

Background. Orthostatic hypotension (OH) stands as one of the initial indications of cardiac

autonomic dysfunction in diabetic individuals. Our objective is to assess the prevalence of
across different degrees of diabetes.

Materials and methods. This study is a cross-sectional investigation conducted at a tertiary

care center. After obtaining ethical committee clearance and informed consent, 150

individuals aged above 50 years were recruited for this study. 50 of them had normal HbA 1c

levels, 50 with HbAlc levels between 7-8 and another 50 individuals with more than 8

HbA Ic values. 25

Results. The duration of diabetes exhibited a strong correlation with HbA 1c levels, which

was statistically significant (p=0.000). The systolic BP difference in normal, HbAlc 7-8 and

HbAIc levels more than 8 were 6.34 +1.95, 15.70 £ 8.37 and 17.04 +7.74 respectively. The

diastolic BP difference in normal, HbAlc 7-8 and Hb levels more than 8§ were 4.00 +

142,772 +5.26 and 12.22 +7.77. These results were found to be statistically significant

(p=0.000).

Conclusion. OH serves as an ominous sign in diabetic patients, indgting a poor prognosis.

Individuals with OH are at a heightened risk of falls, which in turn, is Bsociated with

increased morbidity and mortality. Therefore, it is crucial to prioritize the early detection of

autonomic neuropathy, particularly in diabetic patients.
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INTRODUCTION

The prevalence ofape 2 diabetes has been estimated to be greater than 100 million people
worldwide and is projected to increase to 300 million by 2025 (1). Autonomic neuropathy is a
common complication in diabetics (2). Orthostatic Hypotension is present in DM patients at a
higher prevalence than DM patients with no DM (3). Orthostatic hypotension (OH) is highly
associated with cardiovascular disease and mortality (4). OH is linked with falls in the
elderly. In the standing position, impaired contraction of resistance vessels, an abnormal




decrease in blood volume, or reduced cardiac output (CO) are the primary causes of
orthostatic hypotesion (OH). In individuals with long-term diabetes, any of these factors can
result in OH (5). Orthostatic hypotension (OH) is recognized as a clinical marker of diabetic
autonomic neuropathy. When OH is present alongside diabetes mellitus, it can significantly
impair quality of life and severely disrupt daily activities. While mortality in diabetic patients
is often linked to macrovascular diseascsm:diac autonomic neuropathy also contributes to a
20 percent reduction in survival rate (6). Previous research has demonstrated a positive
correlation between the duration of diabetes mellitus and the incidence of cardiac autonomic
neuropathy (7). Hemoglobin Alc (HbAlc), a widely used measure for assessia glycemic
control, is inversely related to the occurrence of complications (8). Numerous studies have
documented the prevalence, risk factogf§and prognosis of orthostatic hypotension (OH) in
patients with diabetes mellitus (DM). Therefore, this study aims to evaluate the significance
of postural blood pressure and heart rate changes as cardiovascular indicators of autonomic
neuropathy.

MATERIALS AND METHODS

This cross-sectional study was conducted at a tertiary m: center to investigate the
association between glycemic control, as indicated by glycated hemoglobin (HbA Ic) levels,
and cardiovascular parameters in incBiduals aged 50 years and above. A total of 150
participants were enrolled, stratified into three groups based on their HbAlc levels:
normoglycemic (HbA Ic within reference range), moderately hyperglycemic (HbAlc between
7-8), and severely hyperglycemic (HbA lc exceeding 8).

Exclusion criteria encompassed individuals with a medical history of hypertension, cardiac
disorders, or respiratory conditions to mitigate confounding factors related to cardiovascular
health. Detailed documentation of participants' diabetic history was undertaken to provide
context for the analysis.

Blood samples were collected to quantify HbA lc le‘as using standardized laboratory
procedures. Additionally, baseline measurements of blood pressure and heart rate were
obtained while partmants were in a supine position. Subsequently, participants were
instructed to stand, and postural changes in blood pressure and heart rate were recorded
promptly thereafter.

This methodological approach aimed to elucidate potential correlations between HbA lc
levels and cardiovascular dynamics, thereby contributing to our understanding of the
interplay between glycemic status and cardiovascular health in the older adult population.

RESULTS
Statistical analysis was conducted using SPSS version 21, employing the t-test and chi-square

test for the evaluation.




Table 1 represents the comparison of age and diabetic status between different @des of

HbA lc. The duration of diabetes was well correlated with HbAlgevels, which were found
to be statistically significant (p = 0.009. Subjects with DM of 5-10 years had a mean HbAlc
level of 7.40 + .606 and subjects with more than 10 years had a mean HbAlc level 11.12 +
1.986.

Table 1: Comparison of age and diabetic status between the grades of HbA 1c in Type 2 diabetes mellitus
patients by one-way ANOVA

Grades of HbAle.

Parameter Normal Diabetes mellitus F - value p — value

HbAle <7 HbAlc 7-8 HbAle >8

Mean £ SD (50) Mean + SD (50) Mean £ SD (50)

Age 50.52 £ 6.86 51.88 = 023 6054 = 1158 16.625 () st
Duration of diabetes - 5.26 +4.105 12,62+ 7.57 -6.044 0.000
yc 588 = 551 7.40 £ 606 11.12 1 986 236.35 0.000 5

ender 27 (54%)

23 (46) 22 (44%5)
Male B

0,401 (X" -value) 0.801 (ns)

27 (54) 28 (56%) 23 (46%)

Female

Values are expressed as Mean + SD; p value calculated using independent student —t test, *p<0.05- ***p<0.001-

statistically significant, ns- not significant. # -Gender distribution was analyzed by Chi- square test.

Table 2 Comparison of cardiovascular mlpathetic reactivity by blood pressure response to
standing between the grades of HbAlc in Type 2 diabetes mellitus patients by one-way
ANOVA. The systolic BP difference in normal, HbAlc 7-8 and HbAlc levels more than 8
were 6.34 £ 195, 1570 £ 8.37 and 17.04 +7.74 respectively. The diastolic BP difference in
normal, HbAlc 7-83[11:1 HbAlc levels more than 8 were 4.00 £ 1.42,7.72+526 and 12.22 +
7.77. These results were found to be statistically significant (p=0.000). Heart rate is increased
drastically in individuals with HbAlc >8.

Table 2: Comparison of cardiovascular sympathetic reactivity by blood pressure response to standing

between the grades of HbAlc in Type 2 diabetes mellitus patients by one-way ANOVA

Grades of HbAle Inter group

comparison by
Parameter F - value p - value

post hoc tukey

Normal Diabetes mellitus test.




HbAle<7
HbAle 7-8 HbAle >8
Mean + SD
Mean + SD (50) Mean +SD (50)
(50)
12k
Systolic BP on lying 112,54 £5.06 12540+ 994 12856 = 11.28 42.90 (.0 (et 13kt
2-3 (ns)
1-2 (ns)
Systolic BP on
106.20 £5.67 109.70 £ 8.57 111.52+ 11.40 465 0.011%## 1-Fek
Standing
2-3 (ns)
12k
Systolic BP difference 634+ 1.95 15.70 £8.37 1704 £7.74 38.04 (.0 (et 13kt
2-3 (ns)
1.2 ek
Diastolic BP on lying 70.98 £ 589 87.00 £6.77 90 .88 = 6.51 1355 0000+ 1-Joden
2_\3***
12wk
Diastolic BP on
6698 +623 7928 +6.73 78.66 £ 657 38.04 0.0 (e 13kt
standing
2-3 (ns)
12wk
Diastolic BP
400+ 1.42 772526 1222777 28.10 (.0 (et 13kt
difference
R
12k
Heart rate on lying 71.30 £9.77 BlLO+11.88 84 48+ 12.50 10.03 0.000%##* 1.3
2-3 (ns)
12
Heart rate on
78509 85351174 8840+ 12,12 56.51 0 e 13kt
standing
2-3 (ns)

Values are expressed as Mean + SD; p value calculated using independent student —t test, ¥p<0.05- ***p<0.001-
statistically significant, ns- not significant. BP-Blood Pressure, HbAlc — Glycated Hemoglobin.

The data presented in Table 2 sheds light on the intricate relationship between alcemic

control, as gauged by HbA lc levels, and cardiovascular sympathetic reactivity among
individuals diagnmd with Type 2 diabetes mellitus. Notably, the significant differences
observed in both systolic and diastolic blood pressure responses across varying HbAlc
groups underscore the clinical relevance of glycemic management in modulating
cardiovascular function. Elevated HbA 1c levels, indicative of poorer glycemic control, were
associated with more pronounced fluctuations in blood pressure upon mationing from lying
to standing positions. These findings hint at a potential dysregulation of the autonomic
nervous system, which plays a pivotal role in regulating cardiovascular homeostasis.
Consequently, individuals with higher HbA Ic levels may face an increased risk of orthostatic
hypotension, cardiovascular instability, and heightened susceptibility to adverse
cardiovascular events.




Furthermore, the observed differences in heart rate responses between different HbA lc
groups provide further insights into the impact of glycemic control on cardiac autonomic
function. Elevated heart rates, particularly in response to postural changes, may signify
heightened sympathetic activity and compromised parasympathetic rmulation, both of
which are established predictors of adverse cardiovascular outcomes in individuals with
diabetes. This underscores the importance of vigilant monitoring of HbA lc levels as a means
of assessing cardiovascular risk and tailoring therapeutic interventions accordingly.

From a clinical standpoint, these findings hold significant implications the management of
individuals with Type 2 diabetes mellitus. Firstly, they emphasize the critical role of
glycemic control in preserving cardiovascular health and mitigating the risk of cardiovascular
complications. Healthcare providers should prioritize strategies aimed at optimizing glycemic
control, especially in individuals with higher HbA lc levels, to attenuate the deleterious
effects of dysregulated autonomic function oaardiovascular outcomes. Additionally, a
comprehensive approach that addresses both glycemic control and cardiovascular risk factors
may be warranted in individuals with poorly controlled diabetes, with a particular focus on
enhancing cardiovascular autonomic function through targeted interventions.

Table 3 illustrates the comparison of interpretation of CAN in BP response to posture
between the grades of HbA lc in Type 2 diabetes mellitus patients. Abnormal and borderline
systolic BP response was noticed in 20% and 22% of individuals with HBA1c above 8
respectively. In relatio diastolic BP response, 34% of individuals had borderline and
abnormal BP response and it was statistically significant (p=0.021).

Table 3: Comparison of interpretation of CAN in BP response to posture between the grades of HbAlc
in Type 2 diabetes mellitus patients by Chi-Square test.

Interpretation of CAN Grades of HbAle Total
ot
Response in Bp response to N(% X? value p— value
(%)
posture HbAlc <8 HbAle >8
N (%) N (%)
Based on systolic Normal 37 (74) 29 (58) 66
BPr i
Borderline 07 (14) 11(22) 18
2859 0.249 (ns)
Abnormal 06 (12) 10 (20) 16
Total 50 (100) 50 (100) 100
Based on diastolic | Normal 44 (38) 33 (66) 77
BPr i
Borderline 06 (12) 14 (28) 20
7771 0.021 %
Abnormal 0 03 (06) 03
Total 50 (100) 50 (100) 100




p<0.05- **#p<0.001- statistically significant, ns- not significant. CAN — Cardiovascular Autonomic

Neuropathy.

The signmance of the findings presented in Table [II lies in the potential association
between glycemic control, as reflected by HbAlc levels, and the interpretation of
Cardiovasculartonomjc Neuropathy (CAN) based on blood pressure (BP) responses to
posture among Type 2 diabetes mellitus patients. Specifically, in the context of diastolic BP
response, there appears to be a statistically significant association between higher HbAlc
levels (>8) and an increased likelihood of abnormal tolic BP responses compared to
patients with lower HbA Ic levels (<8). This finding underscores the importance of glycemic
control in mitigating the risk of autonomic neuropathy-related cardiovascular dysfunction in
diabetic individuals.

Conversely, while no statistically significant association was observed between HbAlc levels
and systolic BP response categories, the trends observed suggest a potential relationship

worthy of further investigation.

Overall, these findings contribute to our understanding of the impact of glycemic control on
cardiovascular autonomic function in diabetes mellitus, highlighting the importance of
stringent glycemic management in preventing or mitigating the development of autonomic
neuropathy and associated cardiovascular complications.

DISCUSSION

Orthostatic hypotension (OH) is most commonly defined as a decrease in systolic blood
pressure (SBP) of at least 20 mm Hg or a decrease in diastolic blood pressure (DBP) of at

t 10 mm Hg within three minutes of standing. Our findings revealed a significant
correlaon between the duration of diabetes and HbA 1c levels (p=0 .000)ubjects with DM
of 5 — 10 years had a mean HbAlc level of 740 + .606 and subjects with more than 10 years
had a mean HbAlc level of 11.12 + 1.986.

Our study noted that the systolic BP differences in normal, HbAlc 7-8 and HbAlc levels
greater than 8 were 6.34 + 1.95,15.70 £8.37, and 17.04 +7.74, respectively. The diastolic
BP differences in normal, HbA lc 7-8 and HbAlc levels above 8 were 400+ 1.42,7.72 +
5.26,and 12.22 +7.77. These results were statistically significant (p = 0.000). The difference
in supine and standing BP in diabetes was greater, indicating the existence of orthostatic
hypotension. Individuals with glycated hemoglobin levels exceeding 8 exhibited a
pronounced decrease in both diastolic and systolic blood pressure. Doelman CJ et al.
illustrated that inadequate glycemic control, indicated by elevated HbAlc levels, may impair
vascular elasticity and diminish extravascular volume through osmotic diuresis, consequently
contributing to orthostatic hypotension (OH) (9).

Koger A et al. noted that manifestations associated with cardiac autonomic neuropathy were
more evident in individuals with a known duration of diabetes exceeding 5 years, as opposed




to those with diabetes for 5 years or less (10). Our observations were also similar to the above
study.ne have found that the duration of diabetes was well correlated with HbAlcEvels,
which was found to be statistically significant (p = 0.000).&1bjects with DM of 5-10 years
had a mean HbAlc level of 7.40 +.606; subjects with DM of more than 10 years had a mean
HbAlc level of 11.12 + 1.986; and subjects with increased HbA 1C levels are associated with
an increase in the systolic and diastolic pressure differences.

A comparison of cardiac autonomic neuropathy and HbA lc revealed that abnormal and
borderline systolic BP responses were noticed in 20% and 22% of individuals with HBAlc
above 8, respectively. To diastolic BP response, 12% of individuals with HbAlc between 7-8
had an increased fall, and 34% of individuals with HbA lc >8 had a borderline Gd abnormal
BP response, which was statistically significant (p = 0.021). This suggests that cardiac
autonomic neuropathy was correlated with both the duration of diabetes and the level of
glycated hemoglobin.

CONCLUSION
This study highlights the critical role of orthostatic hypoteﬁm (OH) as an indicator of

autonomic dysfunction in diabetic patients, demonstrating a significant correlation between
the duration of diabetes mellitus (DM) and elevated HbA 1c levels. Our results show that
individuals with DM for over 10 years exhibit higher HbAlc levels (mean 11.12 + 1.986)
compared to those with 5-10 years of DM (mean 7 40 + 0.606), and these higher levels are
associated with greater orthostatic blood pressure fluctuations. Sifically, systolic and
diastolic BP differences upon standing were significantly higher in individuals with HbAlc
levels above 8, indicating emerbated autonomic instability due to poor glycemic control.
Clinically, Im underscores the importance of early detection and management of autonomic
neuropathy in diabetic patients, particularly those with prolonged disease duration and poor
glycemic control, to mitigate the associated morbidity and mortality and improve overall
patient outcomes.




REFERENCES

10.

. Bjork S. The cost of diabetes and diabetes care. Diabetes Res Clin Pract.

2001;54(Suppl 1)

-8. DOI: 10.1016/S0168-8227(01)00302-1

Oka H, Mochio S, Sato K, et al. Prolongation of QTc interval and nervous
dysfunction in diabetic patients. Diabetes Res Clin Pract. 1996;31(1-3):63-70. DOI:
10.1016/0168-8227(95)01049-7

Wu JS, Yang YC, Lu FH, et al. Population-based study on the prevalence and risk
factors of orthostatic hypotension in subjects with pre-diabetes and diabetes. Diabetes
Care. 2009;32:69-74. DOI: 10.2337/dc08-1264

Rose KM, Eigenbrodt ML, Biga RL, et al. Orthostatic hypotension predicts mortality
in middle-aged adults. The Atherosclerosis Risk in Communities (ARIC) study.
Circulation. 2006;114:630-636. DOIL: 10.1161/CIRCULATIONAHA .105.607499
Ziegler MG. Postural hypotension. Annu Rev Med. 1980;31:239-245. DOI:
10.1146/annurev.me.31.020180.001323

. Schwartz PJ, Priori SG. Sympathetic nervous system and cardiac arrhythmias. In:

Zipes DP, Jalife 1, eds. Cardiac Electrophysiology. From cell to bedside. Philadelphia:
W.B. Saunders; 1990:330. DOI: 10.1016/B978-0-7216-3766-4.50029-3

Kumhar MR, Agarval TD, Singh VB, Kochar DK, Chadda VS. Cardiac autonomic
neuropathy and its correlation with QTc dispersion in type 2 diabetes. Indian Heart J.
2000;52(4):421-6. DOI: 10.1016/S0019-4832(00)80029-5

Jermendy G, Toth L, Voros P, Koltai MZ, Pogatsa G. Cardiac autonomic neuropathy
and QT interval length. A follow-up study in diabetic patients. Acta Cardiol.
1991:46(2):189-200. DOI: 10.1080/00015385.1991.11716612

Doelman CJ, Oude Elberink JN, Miedema K, et al. Orthostatic hypotension in poorly
regulated NIDDM. Diabetes Care. 1996;19:542. DOI: 10.2337/diacare.19.5.542
Koger A, Aktiirk Z, Maden E, Tag¢1 A. Orthostatic Hypotension and Heart Rate
Variability as Signs of Cardiac Autonomic Neuropathy in Diabetes Mellitus. Eur J
Gen Med. 2005:2(1):5-9. DOL: 10.29333/ejgm/82408






